Museums have been discovering the Internet over the past few years like many other information provision sectors. Rather uniquely, they span both educational and commercial sectors, with a concentration of the original object even in this virtual world. The author has set up and developed the Virtual Library museums pages (VLmp) since 1994, an online international distributed museum directory. This is part of the WWW Virtual Library and is also supported by the International Council of Museums (ICOM). The directory is probably still the foremost such resource, but commercial pressures are building, and the resource must develop to ensure its long-term future. This paper explores the important developments so far, the current situation especially with regard to automatically collected virtual visitor statistics, and possible future directions for the VLmp directory and related resources.
Background
The human race has used its developing knowledge and expertise to invent and create new technology since the dawn of civilization. It is likely to continue to do so at an accelerated rate, poised as we are at the beginning of the Information Revolution. Previously, technologies such as the telephone took decades to become widely available in the home. Now with the availability of the World Wide Web (Berners-Lee, 1999) , advances in acceptance of this new technology's use are measured in years rather than decades.
The web is being increasingly used by a wide variety of people, and in all important industrial and related sectors, such as broadcasting, newspapers, hospitals, police, government, etc. Like other sectors, museums have been learning to use the World Wide Web technology at a rapid rate since it has become widely available from the mid 1990s onwards (Jones-Garmil, 1997) .
Museums are somewhat unique in that their size and the resources available to them varies enormously. Large internationally recognized institutions may have the resources or be able to attract sponsorship for significant investment in their website. Smaller museums are often run almost completely with the support of volunteers and the availability of a website may depend on the interest and expertise of an enthusiastic individual.
The museum profession itself is quite widely fragmented on a worldwide scale. Countries with a significant number of museums tend to have national bodies, but even these may be split according to museum type. For example, within the UK, the Association of Independent Museums (AIM) is specifically for museums not set up by local or national government. Even where national bodies do exist, they have typically not led the way with respect to online development for museums (with a few notable exceptions). The availability of the Internet is an opportunity for the museum world to become less fragmented in the future.
This paper explores development of online museums, especially with respect to an online museum directory established by the author before many museums had even heard of the World Wide Web. Some current access statistics are given, which allow information such as the location of virtual visitors and their software/hardware platform to be monitored. The paper ends with a discussion of possible developments in the coordination of online museum websites.
Virtual Library Museums Pages
The Virtual Library museums pages (VLmp, http://vlmp.museophile.com/) (Bowen, 1997) were first established in 1994 as part of the Virtual Library (http://www.vlib.org/). The Virtual Library forms a distributed directory of online resources, originally established by Tim Berners-Lee, inventor of the World Wide Web (Berners-Lee, 1999) , and is maintained by volunteer experts around the world. VLmp specifically provides a directory of museums that have their own associated website, organized and maintained by country. The directory grew rapidly into a significant repository for use by the general public and museum professionals alike, allowing convenient and up-to-date access to a leading directory of global online museum information.
In 1996, through the encouragement of Cary Karp (based at the Swedish Museum of Natural History in Stockholm, Sweden), the International Council of Museums (ICOM) adopted VLmp as their main online museum directory. ICOM allowed the directory to be included on its main Web site (http://icom.museum/vlmp/) and its various mirror sites around the world (Bowen, 1996) . There have been over five million virtual visitors to the VLmp homepage since the directory first started in 1994.
Given the number of museums around the world, VLmp cannot be maintained by a single person. Thus, the directory has been split by country, with individual maintainers for each country. The Canadian Heritage Information Network (CHIN) was the first to offer to maintain such a list for Canada and have been exemplary in their provision of support for museums online within that country. Within the United Kingdom, the mda (Museum Documentation Association) have adopted and then maintained the UK section of the directory. The maintainers are a truly global virtual community of around twenty people, most of whom have never met each other in person, but who altruistically maintain their section of VLmp for the benefit of others. A significant number of countries and continents now have separate lists as part of VLmp, often with information pages in the local language as well as English. See the list on the right of the VLmp homepage in Figure 1 for the names of countries that are actively participating. Links to museums in other countries are maintained under a "rest of the world" section.
Despite the significant amount of participation internationally, there are still a number of notable countries with a large amount of online museum information that are not participating in the VLmp project. ICOM national committees and individuals in countries not listed on the VLmp homepage, especially those with their own Web pages and existing technological skill, are encouraged to participate in VLmp. In this way museums links for individual countries can be maintained by local experts with a good knowledge of the museums in their country; e.g., see Blank (2000) and Razumov (2000) . Once set up, individual country pages are conveniently and automatically mirrored around the world on a nightly basis for speed of access, and included in the search facilities of VLmp.
Statistics
The automatic collection of access statistics for the Virtual Library museums pages directory has been undertaken almost since its original establishment in 1994 (Bowen, 1995) . Initially the number of accesses to the main homepage was monitored as an estimate of the number of virtual visitors using the site. In addition to automatic collection of statistics, several surveys have been undertaken, using the main homepage of VLmp to publicize them. Typically, users have been invited to complete an online questionnaire (Bowen 1999) . Other surveys have also investigated the habits of online museum visitors; e.g., see Futers (1997) .
Since the end of 1999, VLmp has been linked to two online (and free) statistics gathering websites. One (NedStat, http://uk.nedstat.com/) provides a simple and fast facility consisting of a single page of statistics. The information presented includes on visitors per day for the previous three weeks and per day of the week, and pageviews per week, hour, Internet top-level domain and region (continent).
The eXTReMe Tracking website (see under http://www.extreme-dm.com/) provides information that is more complete over seven web pages for each site monitored. In this section we present some recent results collected for the VLmp homepage using this site. (Bowen, 2000) . This statistics were reappraised on 19 July 2002 after 813 days (a period just over six times as long) and a similar summary at this stage is shown in Table An interesting addition to the information compared to NedStat for instance is the provision of details of the hardware/software being used by the virtual visitors. Currently the typical visitor is (still) using the Microsoft Internet Explorer version 5 web browser under Windows 98 with an 800x600-pixel screen and 16-bit colour (i.e., around 65,000 different colours available for display). JavaScript is enabled by around 95% of VLmp users, although this leaves a significant 5% of people with JavaScript disabled. Thus it is still a good idea not to rely absolutely on JavaScript for a museum website, although it is obviously useful for added functionality if it is enabled. Interestingly, some aspects such as the most popular software and hardware have not changes for these two periods. However, the most popular web search engine to access VLmp has changed from Microsoft's offering to the more technologically advanced and highly popular Google engine (http://www.google.com/). This continues to list VLmp as the top website for the keyword "museums", largely due to the significant number of hyperlinks to this resource from other museum-related websites.
The number of visitors per week has been relatively steady over the past few years. Table II shows the (unique) visitor numbers for each of the first 16 weeks in the year 2000. The statistics for 2002 are still very similar with only a slight increase in average numbers during the intervening period. This count provides a lower bound on the number of actual visits because of caching by intermediary proxy servers, etc. The actual number could be far higher but is difficult to gauge due to the limitations of automated statistics collection. In the early days of VLmp, visitor numbers rose exponentially (Bowen 1995) but this is no longer the case, probably due to increased wellfunded competition in terms of what is available on the web. The slight but pronounced peak around 7pm GMT corresponds with lunchtime on the American continent, indicating that web surfers in the US may be using their midday break to search for virtual museum resources even when at work.
The number of visitors by hours of the days follows US working hours (see Tables IIIa & b) , although the difference in the maximum and minimum levels is much less pronounced than in the past (Bowen, 1997) . In 2000 it was less than a factor of two (around 1.8) whereas in the early days of VLmp it used to be more like 3.5 (Bowen, 1996) . This may be an indication that the rest of the world is catching up a little with the US in Internet usage. However, interestingly, in 2002 the ratio has increased back to 2.4, so perhaps the US is gaining a slightly increased lead on the rest of the world again.
The variation by day of the week is also much less dramatic than in the mid 1990s, as shown in Tables IVa &  b . Previously there was a significant dip in usage at weekends since many people accessed the Internet at work. In 2000, although Saturday is still the day of least usage, the variation is far less marked. However in 2002 the variation seems to have become a little more marked again, perhaps indicating that business use of the web is increasing more than home use, or that people are using the Internet more in the weekday evenings than at weekends. Tables Va/b shows the visitor by the main Internet domains (which in general correspond to countries) and Tables VIa/b shows the visitors by continent. For half the accesses, it is difficult to gauge the location of the virtual visitor (e.g., numerical domains that have not been registered on the Internet correctly, .net domain, etc.). Of the rest, North American (largely US) accesses account for half those that can be located with a reasonable degree of certainty. Europe is not far behind at around a third of locatable accesses.
The number of unknown (numerical) domains is around a third of total accesses and this has not changed much over time (Bowen, 1997) . The US educational accesses (.edu domain) continue to appear to diminish, although this is really an indication of the increase in web activity by everyone else since universities have been using the Internet for decades and their usage is likely to be relatively static. There is little significant difference between the results for continents in 2000 and 2002 except in the case of Asia where, from a low base, there has been a 45% increase in percentage share (66% in absolute terms of daily accesses). This is largely due to the increase of Japan's percentage share by 104% (133% in absolute terms). Another country where there has been a very significant increase in VLmp usage (and by implication, probably Internet usage as well) in Mexico, where the equivalent figures are 160% and 195%.
South America has been an almost as significant increase in usage as Asia, with a 39% increase in share (or 60% absolute increase). Brazil and Argentina are the leading countries using VLmp on this continent. Africa continues to have very low VLmp usage, with no dramatic increase in percentage terms unlike Asia and South America yet (although it is at least keeping relative pace with North America in percentage terms). As previously mentioned, an interesting feature of the eXTReMe Tracking web statistics facility is the collection of information on the user platform. While Netscape used to be the leading web browser, in 2000 it was only used by about 31% of VLmp visitors. Microsoft Internet Explorer was used by over twice as many (65%), leaving only 4% using other types of browser. By 2002, the situation is even more polarised with 80% of VLmp visitors using Internet Explorer (up 24% of the 2000 figure), 18% using Netscape (down 43% on the previous figure) , and only 2% using other browsers (down 56%). In particular IE version 5 usage has increased by 51% and Netscape In 2000, over half (56%) of VLmp visitors had 800x600-pixel screens. 20% had 1024x768-pixel screens, but 13% still had 640x480 screens. In the 2002 statistics, the number of people with 800x600 resolution screens is little changed (up 2% of the previous figure) . However the number with larger 1024x768 screens is now 30% of users (up 47% form the previous number). Other lesser-used but larger screen sizes are up by similarly dramatic percentage increases. On the other hand, 640x480 screen users are down by 53% and "others", which may include text-based screens, are down by 69%. Thus there has been a significant shift to higher resolution graphical screens, as would be expected with advancing technology. However it is still important to cater for those with smaller screens. See Tables  IXa and b for fuller information. About half (50%) of people using VLmp had 16-bit (65K) colour screens in 2000. 31% had 24-bit or 32-bit (16.7M) screens. However 12% still had 8-bit (256) colour screens and the remaining 7% had other indeterminate screens, a significant number of which could be monochrome. The 2002 statistics show the figure for 16-bit colour screens as little changed (up 4% relative to the previous value). 32-bit screens have risen dramatically by 31%, although 24-bit screens have risen less significantly at 9%. By contrast, 8-bit screens are down 38% (to a 7% share). Thus there is a marked move towards an increased number of screen colours, although it is still important to be careful with colour usage in graphics on web pages for museum sites. Tables Xa and b gives the details.
By far the majority of referrals to VLmp come from other websites (87%, down slightly by 7% from 94%, see Tables XIa and b ). However 12% come from search engines, up dramatically by 160% from 5% (Tables XIIa and  b) . Google is by far the most important and used search engine for VLmp, generating 47% of the search traffic. MSN Search from Microsoft generates around 23% of the search referrals and Yahoo 10%. In 2000, generated more hits for VLmp than Google. All the leading search engines generating more than 1% of the search traffic (and there are only eight of them) have had sizeable 3-digit percentage increases except MSN Search and Yahoo that are only in the 2-digit range (see Table XIIc ).
32% of people are searching for the keyword "museums" when they follow a search engine link to VLmp (up from 25% in 2000). Other popular keywords can be found in Tables XIIIa and b.  Tables XIVa and b show the top website referrers (not including search engines). 8% of such referrals come from the main homepage of the ICOM website where VLmp resides and this is little changed between 2000 and 2002. Many referrals come from other VLmp pages and museums.
In summary, the statistics packages connected to VLmp provide a useful source of information about the general online museum visitor, although the figures should be treated with caution and are sometimes of limited reliability due to the automated method of collection. In particular, the geographic location, times of access and changing platforms used by virtual visitors can be easily monitored. The access statistics presented in this paper can continue to be monitored to provided information on further changes in usage.
Access Issues
It is important that museum websites be as accessible as possible to a variety of web browsers, display screen capabilities, etc., especially for the main homepage and other major navigation pages. More exotic and less widespread features such as plug-ins should only be used internally (e.g., for a special online exhibition) with suitable warnings for those without the requisite facilities.
From the VLmp access statistics, although dominated by a small number of browsers and platforms, it can be seen that a small number of people do access VLmp using a diverse range of software and facilities. Museums aim to be inclusive in the availability of their resources in general, and this is an aim of VLmp too.
Access for the disabled is an important goal of most museums (Bowen, 2001) . Online, specialized web browsers for the disabled are now available. For example, Freedom Scientific (http://www.freedomscientific.com/) produce the JAWS for Windows text-to-audio conversion program for the blind that allows well-designed web pages to be reasonably easily navigated. This browser is available free for a trial period, so museums can easily test their web pages if they so wish.
WAP (Wireless Application Protocol) now allows another avenue for access to online museums via mobile phones. Information of particular relevance for museums includes opening times, prices and special exhibitions. The current limitations of monochrome and small mobile phone screens with limited bandwidth mean that web pages need to be designed in a minimalist manner. Many so-called "high-impact" web pages will not display well using WAP technology.
Access on other non-PC-based equipment such as WebTV, by users not expert in the use of computers may increase. Future web access is likely to be increasing on devices that are not marketed as computers, even if they include computer technology.
The increasing use of new technologies such as XML (eXtensible Markup Language) is likely to augment and subsume the HTML (HyperText Markup Language) pages currently widely available on the web (Yeates, 2002) . VLmp will need to keep abreast of such developments to maintain its usefulness in accessing web pages in the future.
VLmp has been deliberately designed to be viewable on a wide range of different web browsers. Advanced features that may only work on the latest browser technology, or on a specific platform, have been specifically avoided. Hence disabled and mobile phone access, for example, should be possible with minimal or no changes. VLmp is also intended to be highly accessible to disabled users, especially the blind. Note that the text page graphic at the top right of the main VLmp homepage (see Figure 1) is a link to a text only version of the site automatically and dynamically created by the freely available Betsie software originally developed by the BBC (http://betsie.sourceforge.net/) . In addition, it was pleasing that at a session on accessibility at the 2002 Museums and the Web conference (Getchell & Rubin, 2002) , when asked which online museum he liked best, Brian Charlson, Vice President for Computer Training at the Carroll Center for the Blind (in Newton, Massachusetts, USA), himself blind, answered VLmp.
Possible Future Directions
Museums are increasingly displaying their URL in promotional material, letterheads, etc., as a way of providing an extra gateway to their resources. Figure 2 shows an example of a museum that has decided to display its virtual address and to omit its physical address from a locally displayed advertising hoarding (Bowen & Bowen, 2000) .
Two important areas for the development of online museum resources in the future are educational material and e-commerce facilities. The potential for a more interactive and collaborative learning experience on the web is great. There is also potential for educational synergy if museums themselves can collaborate and be coordinated online. The United Kingdom 24 Hour Museum portal (http://www.24hourmuseum.org.uk/) provides what is probably the leading gateway to all UK museums, galleries and heritage attractions, with over 2,500 entries. Billed as "The National Virtual Museum," it provides resources for teachers, parents and pupils. A redevelopment in 2001 expanded this facility to aid the access of educational material in a pan-museum manner via a Curriculum Navigator, based on the UK National Curriculum. This aims to aid teachers and school children in using museums for educational purposes, perhaps before and after real museum visits.
The European-based Virtual Library museums pages facility, run on a volunteer basis with no direct financial support, is unlikely to survive in the face of well-funded commercial concerns, even with the goodwill of the museum community at large. To help maintain VLmp as a leading museum portal for the future, a more commercially oriented initiative has been proposed, dubbed "Museophile" for museum lovers (see http://www.museophile.com/). This is intended to provide a Europe based and internationally oriented museum facility for commercial online activities that can help support VLmp on a more financially secure footing. If successful, Museophile and VLmp should act symbiotically to the benefit and ultimate survival of each other.
Some museums have already embraced web technology in interesting ways, both individually (Lord, 2000) and as a community (Lord, 1999) . The Internet has traditionally been very US-centric, but this has been changing as telecommunications throughout the world improves (Cohen 1999 ). However, it should be remembered we are still at a relatively early stage in the development of the Internet. Compare, for example, the early days of radio when there was little regulation (Hargittai, 2000) .
As the web increases in size, data mining of information will be increasingly important and difficult (Chakrabarti et al., 1999) . The latest web search engines, exemplified by the market leader Google (http://www.google.com/), must use the structure of the web increasingly to discover important web sites (those with many links to them) and major portals (those with many links from them) (Bharat et al., 2001) . Automatic revision of a website's structure depending on the popularity of pages within the site could be a useful way of increasing the effectiveness of individual sites (Garofalakis et al., 1999) .
Since the establishment of VLmp, the International Council of Museums have initiated the new top-level domain name ".museum" intended mainly for use by real museums (under the official ICOM definition, which could change over time). MuseDoma has been set up to organize registrations under this new top-level domain (http://nic.museum/). As museums register and start to use their .museum name as their main web address, VLmp will obvious need to respond. It may be possible to automate or semi-automate such updates in the future with the cooperation of MuseDoma.
Weaving the web of the future will be an ever-challenging goal for individual museums as well as online museum communities and portals. Both museum curators and web technologists need to collaborate so that museums use this new medium effectively in the twenty-first century, for educational, commercial and other novel purposes.
Conclusion
This paper has presented issues concerning development of access to museum-related resources online. In particular, automatically collected access statistics for a widely used online museum directory, the Virtual Library museums pages (VLmp), have been explored. These help in the assessment of the location of VLmp visitors, the types of hardware and browser software being used, times of access, etc. Information on how users have discovered VLmp is also available. However, information on which museum sites users have visited from VLmp is more difficult to assess since this data is only recorded and saved in the web logs of the museum websites concerned (if it is saved at all). It is possible to use redirection hyperlinks to gain such information locally, but this introduces a delay in access for users and has not been done. This is one limitation of the statistics presented here.
Although many users are converging on using a small number of platforms and browsers, there is still a significant minority using non-standard facilities. What is more, the current convergence may not continue in the longer term in that a wider range of browser devices such as mobile phones, interactive televisions, disabled access browsers, etc., may become more easily and cheaply available as the Internet becomes even more ubiquitous. In addition, a significant number of users may use auxiliary software in conjunction with a standard web browser such as Internet Explorer, and this may well mask the true diversity of means of access.
In general, like much of the rest of the Internet, the museum sector will see increasing commercialization of relevant online facilities. Where previous efforts have relied on volunteer and ad hoc efforts, a more professional and well-funded approach will be required for success in the future. The situation is constantly changing of course and fast effective adaptation to any developments is required to keep ahead or at least abreast of others in the same field. 
